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IN THE UNITED STATES ELECTED OFFICE OF 
THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY - CHAPTER H 

PRELIMINARY AMENDMENT 

APPLICANTS : Silvia Gohlke and Wolfram Wersing 
ATTORNEY 

DOCKET NO.: P-00,1958 

SERIAL NO.: EXAMINER: 
FILING DATE: ART UNIT: 

INTERNATIONAL APPLICATION NO.: PCT/DE99/02060 
INTERNATIONAL FILING DATE: 2 July 1999 

INVENTION: "METHOD FOR PRODUCING A CERAMIC BODY HAVING 
AN INTEGRATED PASSIVE ELECTRONIC COMPONENT, 
SUCH A BODY AND USE OF SAME" 

BOX PCT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

Please amend the above-identified International Application before entry 
into the National Stage before the U.S. Patent and Trademark Office under 35 USC 
371 as follows: 



IN THE SPECIFICATION : 

Page 1 , lines 1-3, please replace these lines with the following headings and 

title: 

—TITLE 

"METHOD FOR PRODUCING A CERAMIC BODY HAVING AN INTEGRATED 
PASSIVE ELECTRONIC COMPONENT AND THE CERAMIC BODY" 

BACKGROUND OF THE INVENTION--. 



Page 2, line 5, before "a composite" insert -form—; and 
line 11, change "Ics" to read —ICs-. 

Substitute page 3, line 15, change "film are [sic]" to read -films are-. 

Substitute page 4, line 5, delete "whereby [sic]"; and 

line 18, after "extent" insert the following heading: 
-SUMMARY OF THE INVENTION--, 

Substitute page 4a, line 3, after "to" insert -form-. 

Page 5, lines 19 and 20, change "films [sic]" to read —film—. 

Page 6, line 6, change "process printing" to read —printing process—; and 
line 22, change "interconnects [sic]" to read —interconnect—. 

Page 9, line 4, change "one-axle" to read —one-axis—. 

Page 10, line 17, delete "is [sic]"; 

line 18, change "films [sic]" to read —film—; 
line 20, delete "[sic]"; and 

line 22, change "ammoniac" to read —ammonia—. 

Substitute page 11, line 23, change "connections [sic]" to read 
—connection—. 

Page 12, line 8, change 'Svolfram" to read —tungsten—; 



line 18, change "feeders [sic]" to read -feeder-; 
line 23, change "are [sic]" to read —is—; and 
line 24, delete "[sic]". 

Page 13, line 6, delete "[sic]"; and 
line 19, delete "down [sic]". 

Page 14, line 4, after "articles." insert the following heading: 
-BRIEF DESCRIPTION OF THE DRAWINGS-; 
lines 16 and 17, please replace these lines with the following: 
—Figure 5 is a flow chart showing the method step for producing the 
ceramic body from green film.—; and 

line 27, after "process." insert the following heading: 
-DESCRIPTION OF THE PREFERRED EMBODIMENTS-. 

Page 16, line 14, after "63" insert —(see Figure 6)—; and 
line 28, change "one-axle" to read —one-axis—. 

Page 17, line 1, after "debinding" insert —or removing the binder--; and 
line 16, delete "a [sic]". 

Substitute page 1 9, line 1 , change "Patent claims" to read -WE CLAIM:-, 

Page 22, lines 3 and 4, please delete these lines; and 
line 13, delete "Figure 1". 



IN THE CLAIMS : 

Please amend claims 1-17 on substitute pages 19-21 as follows: 



Claim 1, line 1, delete "(1)"; 

line 2, delete "(1 5-20)"; and 

line 10 ? change "debinding" to read -removing binding material 

from—. 

Claim 2, line 1, change "debinding" to read —removing—. 

Claim 3, line 1, delete "or 2" and "(63)"; and 
line 2, delete "(61)" and "(63)". 

Claim 4, line 1, change "one of claims 1 or" to read —claim—; and 
same line, delete "(63)". 

Claim 5, line 1, change "one of the claims 1 to 4" to read —claim 3—. 

Claim 6, line 1, change "one of the claims 1 to 5" to read —claim 1—. 

Claim 8, line 1, change "one of the claims 1 to 7" to read —claim 1~. 

Claim 9, line 1, change "(1), which has" to read —comprising—; 

same line, change "structure," to read —structure—; 
line 2, delete "(15-20)"; 
line 3, delete "(11, 12)"; 

same line, after "of a" insert —first—; 



line 4, delete "(101)" and "(201)"; 
line 5, delete "(13, 14)" and "(102); 

same line, after "of a" insert —second—; 
line 6, delete "(202)"; and 
line 7, delete "(201)". 



Claim 10, line 1, change "whereby a plurality of to read -wherein the-. 



Claim 1 1, line 1, change "or 1 1, whereby" to read which includes-; 
same line, delete "(111)"; 
line 2, delete "(1 13)" and "(1 12)"; 
line 3, delete "(114)". 



Please amend claims 12 and 13 to read as follows: 



—12. (Amended) Body according to [one of the claims] claim 9 [to 11, 
whereby a] . wherein the second ceramic material [(102)] becomes compacted at the 
temperature interval between 720°C and 850°C- 

—13. (Amended) Body according to [one of the claims 9 to] claim 12, 
[whereby a] wherein the first ceramic material [(101)] becomes compacted at the 
temperature interval between 870°C and 970°C.~ 

Claim 14, line 1, change "one of the claims 9 to 13, whereby" to read 
-claim 9, wherein-; 

same line, delete "(1)"; and 
line 2, delete "(20)". 
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Claim 15, line 1, change "one of the claims 9 to 14, whereby" to read — 
Claim 14, wherein—; and 

Same line, delete "(11)" 
Claim 16, line 1 change "one of the claims 9 to 15, whereby" to read - 
5 Claim 15, wherein-; 

linel and 2 delete "(15-19)"; 
line 2 delete "(20)" and 

line 4, change "wolfram, [sic]" to read —tungsten,— 
Please cancel claim 17, without prejudice, and substitute the following 

10 claims: 

—18. Body according to claim 14, wherein the layer composed of an 
electrode material comprises at least one material, which is selected from the group 
consisting of gold, copper molybdenum, palladium, platinum, silver and tungsten.-- 

—19. Body according to claim 9, wherein one of the ceramic materials 
15 becomes compacted at the temperature interval between 870 °C and 970 °C.~ 

-20. Body according to claim 9, which is a substrate for a high-frequency 
module.— 

REMARKS 

Claims 1-16 and 18-20 are presented for examination. 

2 0 By this amendment, the specification has been amended to correct 

typographical errors and to provide headings; claims 1-16 have been amended to 



remove the reference numerals and to remove multiple-dependency; claims 18 and 
19 have been added to recite the invention in slightly different terms and claim 17 
has been represented as claim 20 to place it in form for examination in the United 
States Patent Office. 

It is respectfully submitted that claims 1-16 and 18-20 are patentable over 
the prior art of record and are allowable. 



Respectfully submitted, 



(Reg. No, 24S49) 
James D. Hobart 
SCHIFF HARDIN & WAITE 
Patent Department 
6600 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606 

Telephone: (312)258-5781 




DATED: January 16, 2001 
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IN THE UNITED STATES ELECTED OFFICE OF 
THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY - CHAPTER n 

SUBMISSION OF DRAWINGS 

5 APPLICANTS: Silvia Gohlke and Wolfram Wersing 
ATTORNEY 

DOCKET NO. : P-00, 1 95 8 

SERIAL NO.: EXAMINER: 
FILING DATE: ART UNIT: 

10 INTERNATIONAL APPLICATION NO.: PCT/DE99/02060 
INTERNATIONAL FILING DATE: 2 July 1999 

INVENTION: "METHOD FOR PRODUCING A CERAMIC BODY HAVING 
AN INTEGRATED PASSIVE ELECTRONIC COMPONENT, 
SUCH A BODY AND USE OF SAME" 

15 BOXPCT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

Applicants are submitting herewith four sheets of Formal Drawings 
2 0 containing Figs. 1-8, with Fig. 5 having translations of the German-Language 
legends. 

Respectfully submitted, 




<espectmily submiti 



(Reg. No. 24.149) 



James D. Hobart 

2 5 // SCHIFF HARDIN & WAITE 

Patent Department 

6600 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606 

3 0 Telephone: (312)258-5781 

DATED: January 16, 2001 
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METHOD FOR PRODJLON&ACERA MIC BODY HAVING AN 
INTEGRATED PA SSIVE ELECTRONIC MODULE. SUCH A BODY A MP 
USE OF SAME 

The invention relates to a method for producing a ceramic body having a monolithic 
multilayer structure. At least one passive electronic module is integrated into the 
volume of the body. Moreover, such a body is presented and an utilization of the 
body is given. 

The highest possible miniaturization is desired in the electronics. This is particularly 
the case with respect to the mobile radio telephone technology. It is desired to unite 
as many electronic modules as possible in an optimally small space. Such 
components can be highly complex high-frequency modules up to complete radio 
parts, for example. 

Substrates in the form of ceramic bodies having a monolithic multilayer structure have 
proven to be advantageous with regard to the miniaturization. On the basis of specific 
manufacturing methods, it is possible to integrate a passive component such as an 
inductance, a capacitor or a resistance into the volume of a ceramic body. 
Nowadays, a series of products is manufactured in this way. For example, ceramic 
multi-chip modules (MCM-C), simple high-frequency components such as LC filters 
and RLC networks belong thereto. 

A specific method for producing a ceramic body having a monolithic multilayer 
structure is based on the LTCC ("low temperature cofired ceramic") technology (see 
D.L. Wilcox et al., Proc. 1997 ISHM Philadelphia, page 17-23, for example). 



The essential method steps of this technology are: 

- producing a ceramic green film containing an organic binder 



- generating an opening in the green film, which is meant for an electronic through- 
connection through the green film 

- filling the opening with electrically conducting material 

- printing upon the green film with an electrical conductor structure 

- stacking and laminating this green film and at least one further one to a composite 

- debinding and sintering the composite to a body having a monolithic multilayer 
structure. 

Glass ceramic having a low sintering temperature thereby serves as ceramic material 
The surface of a ceramic body received in the described way is fashioned such that 
active components, such as SMD components or Ics (semiconductor components), 
can be arranged in an optimally space-saving fashion. The flip-chip technology 
becomes increasingly important for attaching the active components. Highest 
precision and reproducibility of the conductor and pad structures on the surface of the 
body represent a condition for the application of this technology. A component 
tolerance of ± 0.1 % is necessary with respect to a high process safety of this 
technology and a high quality of a component produced therewith. 

In the traditional LTCC technology, a lateral shrinkage of 15 - 18 % with a tolerance 
of ± 0.5 % occurs as a result of the compressing of the ceramic material during the 
sintering process. If this technology or a similar method is used in the known way for 
producing a ceramic body, the body would be only suitable for the further processing 
in the flip-chip technology in a limited fashion. In order to keep the component 
tolerance of ± 0.1 % required for this technology, the lateral shrinkage of the ceramic 
material must be suppressed during the sintering process. This means that a directed 
compressing of the ceramic must be forced perpendicular to the film planes (= zero xy 
shrinkage). 

There are various possibilities for suppressing the lateral shrinkage of a laminated and 
debinded stack composed of ceramic green film during the sintering. For example, a 
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high one-axle pressure is exerted onto the film stack during the sintering. However, 
this requires a relatively high technical outlay. 

A method, which is significantly more elegant compared thereto, is to stack the green 
5 films such that the uppermost film and the lowermost film have a ceramic material, 
whose sintering temperature is above the one of the ceramic material of the films 
lying in between the stack. The sintering ensues such that the ceramic material of the 
inner films, which sinters given a lower temperature, becomes compacted. The non- 
compacting material prevents the lateral shrinkage of the film stack in that the 
1 0 laminated films adhere to one another. The non-compacted ceramic material of the 
body is removed after the sintering. In additional working steps, metallizations must 
be subsequently attached to the surface of the body for purposes of further processing 
(e.g. flip-chip technology). 

15 JP 06 09 76 56 A discloses a similar method. The green film are [sic] stacked such 
that the outer green films comprise a ceramic material whose sintering temperature is 
below the one of the ceramic material of the inner green films situated in the stack 
between the outer green films. A two-stage sintering process is carried out, whereby 
only the ceramic material of the outer green films becomes compacted at a first low 

2 0 sintering temperature and whereby only the ceramic material of the inner green films 
becomes compacted at a second higher temperature. 

United States Patent A-5 102 720 also discloses a method for producing a monolithic 
multilayer body. Glass layers, which can comprise a low portion of ceramic material, 
2 5 and ceramic green films, which can comprise a low portion of glass, are alternately 
arranged on top of one another to form a stack. The stack is sintered in a single-stage 
sintering process, namely only at one sintering temperature, whereby the lateral 
shrinkage is mainly suppressed by interdiffusion particularly of glass between the 
layers. A multilayer body is obtained, whereby layers high in ceramic and layers high 
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in glass alternate. However, an exact adjustment of a physical property of a layer, for 
example the permeability of the layer, is difficult. 

United States Patent A-5 769 987 discloses a method for producing a ceramic body in 
5 the form of a monolithic multilayer body, whereby whereby [sic] two pre-sintered, 
ceramic, possibly multilayered components are connected to one another with the aid 
of a connecting layer composed of glass or glass ceramic. The ceramic material of the 
pre-sintered components has already become compacted. The monolithic multilayer 
body arises by sintering the composite from the components and the intermediately 
1 0 situated glass ceramic layer, whereby the lateral shrinkage of the glass ceramic is 
suppressed. 

In order to obtain an optimally high miniaturization, it is desired when all essential 
functions of the components are integrated into the body acting as substrate. For 
1 5 example, this can relate to identical components, which, however, respectively fulfil 
an opposite specification. A very high and very low inductance are to be 
simultaneously contained in one single substrate, for example. A traditional ceramic 
body fulfils such wishes only to an extremely limited extent. 

2 0 The invention is based on the object of proposing a method for producing a ceramic 
body in LTCC technology, which has a monolithic multilayer structure and which has 
a very slight lateral tolerance. 

This object is achieved by a method for producing a ceramic body comprising a 

2 5 monolithic multilayer structure and at least one passive electronic module, comprising 

the following method steps: 

- producing a green film containing a binder, 

- stacking at least one green film to form a stack, which green film comprises a 
ceramic material composed of glass ceramic that becomes compacted at a first 

3 0 temperature interval, and at least one green film, which has a ceramic material that 
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becomes compacted at a temperature interval that is different from the first 
temperature interval, 

- laminating the stack to a composite, 

- debinding the composite at an increased temperature, 

5 - sintering the composite at a temperature of the first temperature interval until the 
ceramic material, which becomes compacted in this temperature interval, is mostly 
compacted, and 

- sintering the composite at a temperature of the time interval that is different from the 
first time interval until the ceramic material, which becomes compacted in the 

1 0 temperature interval that is different from the fist temperature interval, is mostly 
compacted. 

A ceramic body having a monolithic multilayer structure is characterized in that the 
ceramic layers of the body are firmly connected to one another and form a unit. 
1 5 Individual layers can thereby also be composed of a non-ceramic material (e.g. metal). 
In order to receive a monolithic body, a stack composed of green films and metal foils 
is normally subjected to a sintering process. 

In the most simple case, a passive electronic module is an electronic interconnect. It 
2 0 can be an inductance, a capacitor or a resistance (e.g. varistor as well). The 

components can occur on an individual basis or combined with one another and can 
be parts of an electronic circuit, in particular. A component is composed of a metal, a 
metalloid and/or a fixed electrolyte, for example. 

2 5 The basic idea of the invention is to apply a multistage sintering process for producing 
a ceramic body. The method described in the introductory part of the specification is 
modified for preventing lateral shrinkage. In contrast to the traditional course of 
action, a ceramic layer is not removed after the sintering. Rather, a component is 



integrated into each layer. This means that each ceramic layer is utilized for 
structuring a body having a more or less great number of electronic modules. On the 
basis of the selection of the ceramic materials (e.g. with different dielectric constants) 
it is thus possible to unite the greatest variety of passive components in a monolithic 
ceramic body. Furthermore, additional method steps for carrying away ceramic 
material can be foregone, and possibly the attaching of conductor structures or, 
respectively, pad structures on the surface of the body. 

A ceramic green film is produced in a known way. The thickness of a green film 
ranges from 50 |im to 200 jam, for example. Glass ceramic having a low sintering 
temperature can be preferably used as ceramic material. The ceramic material, which 
is also referred to as glass-ceramic composite, contains aluminum oxide, boric oxide 
or alkaline earth oxide. The green film is tailored to the desired shape by cutting or 
punching. Said shape can directly be the lateral shape of the ceramic body. 

The structuring of the green film is a part of the production of a ceramic green film as 
well For example, at least one opening extending through the green film is generated 
in a green film for an electronic through-connection ("via-hole"). This is particularly 
possible in a simple way by punching. Another method for structuring a green films 
[sic] such as a photolithography or the generation of an opening with the aid of laser 
radiation can also be applied. 

In addition to the openings, which are necessary for the integration of a component, it 
is advantageous to generate additional holes in a green film, as a result of which the 
production of the ceramic body is significantly facilitated. It is particularly 
advantageous to generate a perforated structure in the multi-up of a green film, with 
which a plurality of sub-areas of the green film can be separated from one another. In 
this context, multi-up is a planar body having a plurality of identically structured sub- 
areas. The surface of a multi-up is 300x300 mm, for example. For example, n 2 
identical sub-areas can be present on it (n x n - multi-up). A body can be simply 
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separated by breaking it out of the multi-up of the sintered green films with the aid of 
the perforated structure, which all green films stacked on top of one another have. 
In a further method step, at least one metallization is attached to a surface of a green 
film. For this purpose, electrically conducting material, for example in the form of a 
5 conductor structure, is deposited onto a surface of the green film preferably in the silk 
screen process printing. A very fine conductor structure can be produced in this way. 
The width of an interconnect is 80 \im, for example, and the distance between 
interconnects is 80 \im as well. 

10 In this production phase of a green film, the openings for the through-connections are 
filled with an electrically conducting material. The screen printing method is 
particularly advantageous here. Silk screen printing and screen printing are preferably 
carried out in the same device. 

1 5 For example, a metal paste is processed for a conductor structure and an electrical 
through-connection. A resistor can be particularly simply integrated in that a co- 
sinterable resistance paste is processed. 

As a result of the utilization of glass ceramic having a low sintering temperature, 
2 0 highly conductive silver or copper can be particularly processed. In a thick- film 
technology (e.g. silk screen printing technology), a sufficiently thick, highly 
conductive interconnects [sic] can thus be realized, which only has a very low line 
loss given a frequency of 1 GHz (skin depth = 3 \im) as well. 

2 5 In the next method step, the ceramic green films are stacked on top of one another. 

Green films containing different ceramic material are thereby used 

The ceramic material of a green film is selected according to the function that is to be 
integrated into the substrate with the aid of this green film. In addition, the sintering 

3 0 properties of the ceramic materials of the different green films are very important. At 
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least two materials must be used, which differ from one another at least by the 
temperature interval respectively necessary for the compacting. The first temperature 
interval and the temperature interval that is different from the first one are preferably 
separated. There is no temperature range in which the first ceramic material and the 
5 ceramic material that is different from the first one become compacted at the same 
time. As a result thereof, a multistage sintering process can be fashioned such that the 
shrinking of a first ceramic material has already been completed before the shrinkage 
of a second ceramic material starts. 

In addition to the green films containing the two ceramic materials, further green films 
containing a ceramic material that is different from the first and second ceramic 
material can be very easily integrated. The sintering characteristic of this material is 
only required to have the compacting of the material completed after the at least two- 
stage sintering process. 

It is to be generally observed that the selection of a ceramic material is tailored with 
regard to the utilized metal or, respectively, the utilized metals. For example, when 
highly conductive copper is integrated into the body, the compacting of the ceramic 
material must be completed at 950°C. The limit for silver is situated at 900°. Given 
the utilization of silver, it must also be guaranteed that the compacting of the ceramic 
material can occur under reducing conditions. 

It is particularly important that the body produced from various materials is free of 
mechanical stress after the sintering and that it does not bend after the cooling. It is 

2 5 -equally important that an undesired temperature-conditioned tension does not occur in 

the operation of the body. Therefore, it is advantageous when a plurality of ceramic 
materials exhibit an essentially same thermal coefficient of expansion in a specific 
temperature range. This means that mechanical stress as a result of a different thermal 
expansion of the different materials, at least in the discussed temperature ranges, is 

3 0 suppressed to an extent that the functionality of the ceramic body remains intact. The 
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thermal coefficient of expansion of a glass ceramic can be controlled by the type and 
quantity of a glass component. Thus, the thermal expansion behavior of the different 
ceramic materials can be matched to one another. It is particularly advantageous 
when the thermal coefficient of expansion of a ceramic material is situated at 
approximately 6 - 7 ppm/K given the working temperature of the body. Thus, a very 
advantageous adaptation to a semiconductor material such as silicon or gallium 
arsenide is present. An active electronic module (e.g. integrated circuit), which is 
attached to the surface of the ceramic body and which forms a functional unit 
(electrical component) together with the body, comprises such a semiconductor 
material, for example. An electrical component having the cited specification can be 
used in a broad temperature range. This is important with respect to an application of 
the electrical component in the automobile field, for example. In contrast thereto, a 
traditional polymeric substrate shows a clearly different thermal expansion behavior 
than a silicon-IC. A comparable polymeric substrate therefore is more limited 
regarding the applicability than a ceramic substrate. 

The green films are preferably stacked such that an approximately symmetric film 
stack having an axis of symmetry parallel to the films results with respect to the 
different ceramic materials. As a result of this measure, a uniform shrinking is 
supported during the sintering process and the component tolerance is reduced. 

Moreover, it can be advantageous to arrange a green film in the stack, which green 
film is only used for the shrinkage-free production of the body. The ceramic layer 
resulting from this green film can be electronically ineffective. 

At least one layer composed of an electrode material is preferably arranged in the 
stack. This layer can be a structured metal foil, for example. It is possible to use a 
metal foil, since a lateral shrinkage does not occur in such a film. A metal foil has the 
advantage that it is of lesser electrical resistance (factor 2 - 3) compared to a metal 
paste. A metal foil is structured by punching and/or etching, for example. 



9 

After the green films (and layers composed of electrode material) have been stacked 
and laminated to a composite, the common debinding of the composite occurs. This 
ensues in that the temperature is slowly increased up to 500 °C, for example. The 
lamination ensues under an one-axle or isostatic pressure, for example. 

5 

Subsequent to the debinding, the composite is sintered in at least two steps. The 
compacting of a first ceramic material is initially carried forward at a lower 
temperature. A second ceramic material, which does not become compacted at this 
temperature, prevents lateral shrinkage, since the laminated films adhere to one 

1 0 another. A compacting only occurs perpendicular to the film planes. After the 
compacting of the first ceramic material has been completed, the temperature is 
increased to the sintering temperature of the second ceramic material. The first 
ceramic material, which has completed the compacting, prevents lateral shrinkage of 
the second ceramic material. It is thereby possible to decouple the different 

1 5 compacting curve of the different materials via the compacting in the direction of the 
thickness of a film. As a result of this decoupling, a purposeful adaptation of the 
sintering characteristic of the different ceramic materials is not necessary for a 
common sintering. The proportion of ingredients between sintering and non-sintering 
material plays a role for suppressing the lateral shrinkage. The ratio beneficially is 

2 0 less than or equal to four. 

At least one further green film can be additionally processed, which comprises a 
further ceramic material, whereby the compacting occurs at a temperature interval 
differing from the first temperature interval and the second temperature interval. It 
2 5 can certainly be the case that this temperature interval overlaps with the first and/or 
second temperature interval. It is crucial that the stacking on top of one another 
occurs such that lateral shrinking of the composite is suppressed in each phase of the 
sintering by non-sintering ceramic layers. 
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The method is particularly suitable for firmly connecting the ceramic body to the 
carrier such as a metal body. For this purpose, the green films are preferably sintered 
directly onto a carrier in the multistage sintering process. The carrier can be a metal 
body acting as a cooling body, for example, during the operation of the ceramic body. 

5 

The stacking, laminating, debinding and/or sintering preferably occurs in a matrix 
having the outer dimensions of the body or multi-up, whereby a plurality of bodies are 
produced therefrom. The matrix consists of a material exhibiting excellent thermal 
conductivity and a low adhesion capability at the same time with respect to the 
1 0 ceramic body. The material of the matrix preferably comprises silicon carbide. 

If a plurality of ceramic bodies are produced in the multi-up, the bodies are separated 
after the sintering. This can ensue by sawing. It is particularly simple to separate 
when a body is broken out of a multi-up along the aforementioned perforated 

15 structure. The breaking-out is also possible when a metal foil is processed in the 

multi-up. For this purpose, the metal foil is also provided with a perforated structure 
prior to the stacking. This perforated structure is is [sic] laterally offset vis-a-vis the 
perforated structure of a ceramic green films [sic], so that a metal web, which is 
situated between two holes of a metal foil, and a whole of a green film come to lie on 

2 0 top of one another, [sic] After the sintering, this metal web can be removed by 
etching, for example. If a silver metal foil is processed, a mixture of hydrogen 
peroxide and ammoniac can be used for etching away a metal web. In this way, only 
ceramic webs remain in the body, which can be easily broken for the separation of a 
body. This course of action is not only suitable for the separation of a finished 

2 5 ceramic body. Since a present metal web of a metal foil is removed after the 
sintering, an operative integrated passive component possibly arises only then. 

Prior or subsequent to the separation, it is possibly necessary to attach electrically 
conducting material to the surface of the ceramic body. As it has already been 
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described above, silk screen printing with an indicated material is appropriate 
therefor. 

The invention covers a new ceramic body, which comprises a monolithic multilayer 
structure and which contains at least one passive electronic module, at least one layer 
composed of a ceramic material made of glass ceramic, which becomes compacted in 
a first temperature interval and at least one layer composed of a ceramic material 
made of glass ceramic, which becomes compacted at a temperature interval that is 
different from the first temperature interval. 

A passive electronic module, for example, in the form of an inductance and a 
capacitor having a low value are situated in the ceramic body. In particular, a 
compact decoupling capacitor having a capacitive value between 30 pF and 3 nF can 
be realized. Compact line structures such as "strip-lines" or "tri-plates"of high quality 
for a resonator, coupler and band-pass filter also belong thereto. An inductance and a 
transformer of high inductive value are to be cited as examples as well. A varistor can 
also be contained in the ceramic body. 

The ceramic body has at least one electrical through-connection, in particular. Such a 
through-connection can extend via a plurality of neighboring layers and can be a part 
of a complex integrated circuit. In particular, an electrical connecting point at the 
body surface, for example in the form of a soldering pad, is connected via a through- 
connections [sic] to a component in the inside of the body. 

In a special embodiment, the body comprises at least one layer composed of an 
electrode material. This layer is structured corresponding to the functions connected 
therewith and particularly is a part of a passive component. For example, a plate 
electrode for a capacitor can be realized in this way. 
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The body can be arranged on a metal body acting as a cooling body, for example. The 
body can thereby be glued or soldered onto the cooling body. It is particularly 
advantageous when the body is connected to the cooling body in a monolithic fashion 
(for example by silk screen printing). 

5 

The material of a passive electronic module, of a layer composed of electrode material 
and/or of a metal body comprises at least a material, which is selected from the group 
gold, copper, molybdenum, palladium, platinum, silver and/or wolfram. It is 
particularly advantageous when the material consists of highly conductive gold, silver 
10 or copper. Alloys of the metals such as silver/palladium are conceivable as well. 
Moreover, a semiconductor material and resistance material can be integrated. 

Glass ceramic having a low sintering temperature is particularly suitable as ceramic 
material. The glass ceramic of a layer can be present in the form of a two-phase glass 
1 5 matrix (glass phase and ceramic) or in the form of a crystalline glass ceramic matrix. 

The ceramic material of a layer depends on the function, which is integrated with this 
layer in the ceramic body. In order to realize a simple electrical feeders [sic] through 
a layer, this layer preferably consists of a material having an optimally low dielectric 
2 0 constant (6 < e r < 8). The signal propagation time through the feeder thereby is 

reduced or, respectively, a signal delay is prevented. On the basis of such a ceramic 
material, a capacitor of low capacitance (down to 10 pF) and with an inductance 
(down to lOnH) can be integrated. Such a component are [sic] suitable up to 
frequencies of a few GHz due to its compact structure, [sic] 

25 

An average dielectric constant (25 < e r < 60) is advantageous for such layers, by 
means of which a microwave resonator structure or filter structure is realized (for 
example A74-resonator). On the other hand, a dielectric having a relatively high 
dielectric constant (er > 500) is advantageous for a decoupling capacitor. 
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A ceramic body is particularly characterized by a low lateral tolerance when a first 
stack of layers with a first layer sequence and a second stack of layers with a layer 
sequence that is reversed with respect to the first layer sequence are arranged on top of 
one another. A body that is approximately symmetric regarding the ceramic layers 
5 results therefrom, this body having a symmetry plane parallel to the layers. An 
additional layer can be arranged between the two layer stack [sic]. 

Due to the low component tolerance of a presented ceramic body and the plurality of 
electronic modules, which can be integrated into the volume of the body, the body is 
1 0 particularly appropriate as substrate of an optimally small, complex electronic module 
(e.g. of a high-frequency module). 

In total, there are the following striking advantages as a result of the invention 
concerning the ceramic body having a monolithic multilayer structure, and concerning 
1 5 the method for producing the body: 

- As a result of a multistage sintering process, it is possible to suppress the lateral 
shrinking of the composite of the ceramic green films. A very low component 
tolerance of up to 0.1 % down [sic] results therefrom. 

2 0 - A thermomechanical optimal layer structure composed of ceramic having a low 
sintering temperature and a high sintering temperature can be obtained upon 
consideration of the electrical and circuit-oriented criteria. 

- As a result of the reduction of necessary soldering contacts between the passive 
components of a circuit and the hermetic protection of the inner circuit, a high 

2 5 robustness and product reliability can be obtained. 

- The method is particularly suitable for producing a ceramic body in the multi-up. 
Relatively simple and extremely complex bodies therefore can be cost-efficiently 
produced. 

- Besides, a high environmental compatibility results due to a simple reusability of a 

3 0 ceramic circuit carrier. 
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On the basis of a simple exemplary embodiment and the corresponding Figures, a 
ceramic body, which has a monolithic multilayer structure and at least one passive 
electronic module, is presented, as well as a method for its production. The Figures 
are schematic and are not made to scale with respect to the cited articles. 

Figure 1 shows a ceramic body in cross-section. 

Figure 2 shows the dependency of the shrinking of the ceramic materials on the 
temperature; the ceramic body is composed of said ceramic materials. 

Figure 3 shows the temperature program with which the ceramic body is sintered 
subsequent to the debinding. 

Figure 4 shows the effect of the temperature increase on the ceramic body. 

Figure 5, proceeding from the production of a green film, shows the crucial method 
steps for producing the ceramic body. 

Figure 6 shows a ceramic green film multi-up having a perforated structure. 

Figure 7 shows a section of a sintered multi-up, whereby a ceramic layer and a layer 
composed of electrode material are arranged on top of one another, prior to an etching 
process. 

Figure 8 shows a section of a sintered multi-up, whereby a ceramic layer and a layer 
composed of electrode material are arranged on top of one another, subsequent to an 
etching process. 

Subject matter is a multilayer ceramic microwave module 1 having a monolithic 
multilayer structure. Each ceramic layer has a thickness of approximately A*m. The 
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two inner layers 1 1 and 12 are composed of a glass ceramiclOl with a dielectric 
constant of approximately 80. It comprises a material of the composition Ba^ 
3x Meg +2x Ti l8 0 5 4 (0 < x < 1). Me stands for the rare earths Sm, Nd and La. The 
compacting of the ceramic material of these layers occurs between approximately 
870 °C and 970 °C The two outer ceramic layers 13 and 14 comprise a glass ceramic 
having a dielectric constant of approximately 6. This material is based on a barium- 
aluminum-silicate glass and becomes compacted between 720 and 850 °C. Figure 2 
shows the shrinking of the ceramic materials 101 and 102 in the form of a relative 
change in length in a direction AL/L as function of the temperature. 

The body 1 is composed of two layer stacks 1 1 1 and 1 12. The layer stack 1 1 1 has a 
layer sequence in the direction 113. The layer stack 1 12 has the same layer sequence 
in opposite direction 1 14. A body that is approximately symmetric with respect to the 
two ceramic materials 101 and 102 is present, this body having a symmetry plane, 
which, as it were, is situated between the layer 1 1 and 12 and which is parallel to 
these layers. 

Passive electronic modules 15 - 20 are situated on the top surface and bottom surface, 
as well as in the volume of the body. The material of the component parts comprises 
copper. In addition to an interconnect 16, soldering pads 17 are attached to the top 
surface of the body, whereby a SMD component and an IC can be connected to the 
body with the aid of said soldering pads 17. In addition to an interconnect 16, 
soldering pads 18 for soldering the body onto a printed circuit board are situated on 
the bottom surface. 

Plate electrodes for capacitors and internal conductor structures for tri-plate resonators 
are situated between the inner layers. These component parts are formed with the aid 
of a structured layer composed of electrode material 20. The counter electrodes with 
respect to the capacitors and resonators are situated between the inner and outer 
layers. In addition, the body 1 has an electrical through-connection 19. 
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The previously described multilayer ceramic microwave module 1 is produced in the 
multi-up. Figure 5 discloses the crucial method steps. 

A ceramic green film containing an organic binder is initially produced (process 501). 
The ceramic base material composed of glass ceramic having the desired composition 
is produced in the mixed-oxide method or sol-gel method, for example. Together 
with the organic binder and a solvent, a slurry is produced from the base material, 
whereby the green film is pulled or cast from said slurry. The green films have a layer 
thickness of 150 ^m after the drying. 

In the following method step 502, holes are generated in the green film by punching. 
This means for an n x n multi-up that n x n identical hole combinations are generated 
in the green film. Depending on the functionality of the ceramic layer resulting 
therefrom, a hole combination, for example, contains openings 63 with which 
through-connections 19 can be generated. The hole combinations are separated from 
one another as a result of the perforated structure 62 (Figure 6). 

In the following step 503, an electrically conducting material is printed onto the green 
film 61 in the silk screen process printing. A cupreous paste is utilized for this 
purpose. Interconnects of 80 /xm and plate electrodes are deposited. 

As far as openings 63 are present for an electrical through-connection, they are filled 
with electrically conducting material in the screen printing method. Screen printing 
and silk screen process printing are carried out by means of the same device. 

In the following phase 504, the green films are stacked in the multi-up such that the 
above-described stack sequence results. A structured copper metal foil 20 is arranged 
between the layer 12 and 13. The stacked green films, under an one-axle pressure, are 
laminated to a multi-up of a composite 51. The composite 51 is rid of the binder in 
that the temperature is slowly increased by 2K/min, for example (Figure 5, 505). 
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Subsequent to the debinding, the sintering ensues in two steps (Figure 3 and 4). The 
temperature is initially increased up to 820 °C (506). The ceramic material 102 of the 
outer layers 13 and 14 of the composite becomes compacted at this temperature. The 
temperature is kept until the compacting of this ceramic material is completed. 

5 

In the second step 507, the temperature is increased up to 950 °C and is kept until the 
ceramic material 101 of the inner layers 1 1 and 12 is compacted. 

These method steps are carried out in a matrix, which has the dimensions of the multi- 
1 0 ups of the green films. The matrix is composed of silicon carbide. 

Subsequent to the cooling, the microwave modules can be separated by breaking apart 
the multi-up along the perforated structure 62 and thus can be used for the further 
processing. 

15 

A correspondingly a [sic] structured metal foil 72 is used during the production of the 
ceramic body. The structuring or, respectively, generating of openings ensues by 
punching. In addition to the openings on which the functionalities to be integrated are 
based, a perforated structure 73 facilitating the separation of a finished ceramic body 
2 0 is generated in the metal foil 72. The perforated structure 73 is laterally offset vis-a- 
vis the perforated structure 75 of a ceramic green film 74, so that a metal web 76, 
which is situated between two holes 77 and 78 of a metal foil 72, and a hole 79 of a 
green film 74 come to lie on top of one another given the stacking of the films. Figure 
7 shows a section of a sintered multi-up 71 deriving from the stacked metal foil 72 

2 5 and green film 74. The Figure shows the multi-up prior to the etching process. The 

perforated structure 73 is represented in dots where the metal foil (layer composed of 
electrode material) 72 cannot be seen. 

In order to separate the individual bodies (microwave modules) from a so sintered 

3 0 multi-up 71, the remaining metal webs 76 of the metal foil 72 need only be removed. 
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This is possible by etching with the aid of a strong oxidant attacking copper. A multi- 
up 81 that only comprises ceramic webs arises in this way. The individual bodies can 
be separated again by breaking. Figure 8 shows the multi-up 81 acquired from the 
multi-up 71 by means of an etching process. 

5 

A microwave module can also be further processed prior to the separation in the 
multi-up, whereby said further processing contains the production of conductor 
structures and soldering pads and, in the further process, the attachment of SMD 
component parts and IC's in flip-chip technology to the surface of the module, for 
1 0 example. 
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Patent claims 

1 . Method for producing a ceramic body (1), which has a monolithic multilayer 
5 structure and which contains at least one passive electronic module (15 - 20), 

comprising the method steps: 

a) producing a green film containing a binder, 

b) stacking at least one green film having a ceramic material made of glass ceramic, 
1 0 which becomes compacted at a first temperature interval, and at least one green film 

having a ceramic material made of glass ceramic, which becomes compacted at a 
temperature interval, which is different from the first temperature interval, to a stack, 

c) laminating the stack to a composite, 

d) debinding the composite at an increased temperature, 

15 e) sintering the composite at a temperature of the first temperature interval until the 
ceramic material, which becomes compacted in this temperature interval, is mainly 
compacted, and 

0 sintering the composite at a temperature of the temperature interval that is different 
from the first temperature interval until the ceramic material, which becomes 
2 0 compacted at the temperature interval that is different from the first temperature 
interval, is mainly compacted. 

2. Method according to claim 1, whereby the stacking, laminating, debinding and/or 
sintering occurs in a matrix. 

25 

3. Method according to claim 1 or 2, whereby at least one opening (63) is generated 
in a green film (61) and whereby the opening (63) is filled with an electrically 
conducting material. 
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4. Method according to one of the claims 1 to 3, whereby the opening (63) is 
generated by punching. 

5. Method according to one of the claims 1 to 4, whereby the opening is filled by 
5 means of a screen printing method. 

6. Method according to one of the claims 1 to 5, whereby an electrically conducting 
material is attached to a surface of a green film and/or the body. 

10 7. Method according to claim 6, whereby the electrically conducting material is 
attached by means of silk screen process printing. 

8. Method according to one of the claims 1 to 7, whereby the stack is sintered onto a 
metal body. 

15 

9. Ceramic body (1), which has a monolithic multilayer structure, containing 

- at least one passive electronic module (15 - 20), 

- at least one layer (11,12) composed of a ceramic material made of glass ceramic 
(101), which becomes compacted in a first temperature interval (201) and 

2 0 - at least one layer (13, 14) composed of a ceramic material (102) made of glass 

ceramic, which becomes compacted at a temperature interval (202) that is different 
from the first temperature interval (201), 

10. Body according to claim 9, whereby a plurality of ceramic materials exhibit an 

2 5 essentially identical coefficient of expansion at a specific temperature range. 

1 1 . Body according to claim 9 or 1 1 , whereby a layer stack (111) having a layer 
sequence in a direction (113), and a layer stack (1 12) having the same layer sequence 
in opposite direction (114), are arranged on top of one another. 

3 0 SUSST^J" 
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12. Body according to one of the claims 9 to 1 1, whereby a ceramic material (102) 
becomes compacted at the temperature interval between 720°C and 850°C. 

13. Body according to one of the claims 9 to 12, whereby a ceramic material (101) 
5 becomes compacted at the temperature interval between 870 °C and 970 °C. 

14. Body according to one of the claims 9 to 13, whereby the body (1) comprises at 
least one layer composed of an electrode material (20). 

10 15. Body according to one of the claims 9 to 14, whereby the body (1) is arranged on 
a metal body. 

16. Body according to one of the claims 9 to 15, whereby the component part (15 - 
19), the layer composed of an electrode material (20) and/or the metal body comprises 

15 at least one material, which is selected from the group gold, copper, molybdenum, 
palladium, platinum, silver and/or wolfram, [sic] 

1 7. Utilization of the body according to one of the claims 9 to 16 as a substrate of a 
high-frequency module. 

20 
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listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the 
prior United States application in the manner provided 
by the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the 
filing date of the prior application and the national or 
PCT international filing date of this application. 



(Application Serial No.) 
(An meldeseri en nummer) 



(Application Serial No.) 
(Anmeldeseriennummer) 



(Filing Date) 
(Anmeldedatum) 



(Filing Date) 
(Anmeldedatum) 



(Status) 

(paten tiert, anhangig, 
aufgegeben) 



(Status) 

(patented, pending, 
abandoned) 



(Status) 

(patentiert, anhangig. 
aufgeben) 



(Status) 

(patented, pending, 
abandoned) 



Ich erkiare hiermit, dass alle von mtr in der vorhegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen 



I hereby declare that all statements made herein of 
my own knowledge are true and that all statements 
made on information and belief are believed to be 
true, and further that these statements were made 
with the knowledge that willful false statements and 
the like so made are punishable by fine or imprison- 
ment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false state- 
ments may jeopardize the validity of the application or 
any patent issued thereon. 



v German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten Pa- 
tentanwalte) und/oder Patent-Agenten mit der Verfol- 
gung der vorliegenden Patentanmeldung sowie mit 
der Abwicklung aller damit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name und 
Registrationsnummer anfuhren) 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office connec- 
ted therewith, (list name and registration number) 



And I hereby appoint 

Messrs. John D. Simpson (Registration No. 1 9,842) L ewis T. Steadman (17,074), William C. Stueber d 6.453) L P. Phillips Connor (lSL259^_Dennis A. Gross 
(S^ICJ^Marvin Moody (1 6,549), Steven H. Noll ( 28,982) , Brett A. ValiquetTSMT), Thomas I. Ross (29,215 ), Kevin W. Guynn (2 9 927) E dward A. Lehmann 
^5l2) T James D. HobarT^5349), Robert M. Barrett ( 30.142), James Van Santen ( 1§,584), J. Arthur Gross (1 3,615), R ichard J. Schwa rz (ISjf^and 
Ivlelvin A. Robinson (31,870), Da vid R. Metzger ( 32,919), J ohn R. Garrett (27,888) all m embers of the firm of Hill, Steadman & Simpson, A Professional Corpo- 
ration. 



Telefongesprache bitte richten an: 
(Name und Telefonnummer) 



Direct Telephone Calls to: (name and telephone num- 
ber) 

312/876-0200 

Ext. 



Postanschrift: Send Correspondence to: 

H ILL, STEADMAN ^SIMPSON 
^"A^rofessjonaJL^ 
85th Floor Sears Tower, Chicago, Il linois 60606 



Voller Name des einzigen oder ursprunglichen Erfinders: 

GOHLKE, Silvia 


Full name of sole or first inventor: 


Unterschrift des Erfinders Datum 


Inventor's signature Date 


Wohnsitz 

D-81543 Munchen, Germany JJE Y 


Residence 


Staatsa n g e h 6" r i gkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Winterstr. 10 


Post Office Addess 


D-81543 Munchen 
Bundesrepublik Deutschland 




Voller Name des zweiten Miterfinders (falls zutreffend): 

WERSI&IG, Wplfram 


Full name of second joint inventor, if any: 


Unterschwff des ErfinWers 7^ — - — Datum 


Second Inventor's signature Date 


Wohnsitz ' \l ' 

D-81667 Munchen, Germany /)sV 


Residence 


Staatsa ngeho rig keit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Preysingstr. 9 


Post Office Address 


D-81667 Munchen 
Bundesrepublik Deutschland 





{Bitte entsprechende Informationen und Unterschriften im (Supply similar information and signature for third and 
Falle von dritten und weiteren Miterfindern angeben). subsequent joint inventors). 
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